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Abstract
Background: Many studies have shown the benefits of deep hypothermia on cerebral protection during arch surgery; however this
has a deleterious effect on endothelial function, coagulation & renal functions. Our aim from this study was to show that we could
achieve cerebral protection by using selective antegrade cerebral perfusion (SACP) and mild hypothermia, hence avoiding the side
effects of deep hypothermia.
Methods: In this retrospective analytical study, the computerised database was interrogated retrospectively to identify all patients
who underwent full arch or hemi-arch replacement with the utilisation of open distal anastomosis technique. The cases retrieved
were operated on between August 2003 and September 2013, in the Lancashire cardiac center, Blackpool Victoria Hospital. The
main indication of surgery was based on size criteria. A total of 73 patients were identified for inclusion in the study. All patients had
SACP along with a period of lower body circulatory arrest at mild systemic hypothermia. 22 patients including 9 (40.9%) men
underwent full arch replacement (Group A) and 51 had hemi-arch replacement which included 43 (66.7%) men (Group B).
Results: The arch group (Group A) had no neurological complications. In the hemi-arch group (Group B), 2 patients (3.9%) had
cerebrovascular events but there were no cases of paraplegia. Temporary hemofiltration was required in 1 patient (4.5%) in Group I
and 2 patients (3.9%) in Group II. Further, 2 patients (9.1%) in the arch group and 3(6%) in the hemi-arch group had renal
dysfunction not needing dialysis. Mean ICU stay was 2 days (±6.5 days) in the arch group and 1 day (±13.9 days) in the hemi-arch
group. Overall there were 4 in-hospital deaths including 2 (9.1%) in the arch group and 2 (3.9%) in the hemi-arch group. There was
no significant statistical difference between the two groups.
Conclusion: The study showed outcomes comparable to other previous larger studies and adds to the available evidence in favour
of this approach.
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Surgery on the ascending aorta involving either part or the entire arch requires interruption of circulation to the
lower body. The priority during such procedures is neurological preservation and avoiding dysfunction of the viscera
including the kidneys and bowels. Even though, there have been major developments in this evolving area over the
years, the optimum strategy for management of circulation during aortic surgery with open distal anastomosis is not
yet established. While traditionally, it has been performed with the utilisation of deep hypothermia and circulatory
arrest, some teams have reported successful outcomes with mild or moderate systemic hypothermia in conjunction
with selective perfusion of the brain [1].
We have been using the technique of SACP with mild systemic hypothermia for aortic surgery on a consistent basis
since 2003. Mild hypothermia is defined as a systemic temperature of 28e30 C (as per the consensus statement on
hypothermia [2]). Our objective for this study was to assess the efficacy and results of this technique including intra-
operative safety and postoperative outcomes especially with regard to cerebral and visceral ischaemic complications.
2. Patients
The institutional computerised database, which records all operative data, was interrogated retrospectively to
identify all patients who underwent full arch or hemi-arch replacement with the utilisation of open distal anastomosis
technique. The cases retrieved were operated on by a single surgeon with special interest in aortic surgery between
August 2003 and September 2013. Emergency cases including aortic dissections sometimes needed modification of
operative technique and hence to avoid heterogeneity only elective cases were included for purpose of analysis. The
case notes were reviewed to confirm the operative technique and other relevant details listed on the database and to
retrieve missing data. The operative outcomes studied included mortality, neurological complications including stroke
and paraplegia, renal dysfunction including need for haemofiltration and bowel and respiratory complications.
3. Methods
3.1. Operative technique
All the operations were performed through a median sternotomy with dissection superiorly to expose the arch
vessels which were looped for control. An infra-clavicular incision was used, following the median sternotomy and
dissection of arch vessels, for access to the right axillary artery. An 8 mm Dacron tube graft was anastomosed to the
axillary artery with the use of a side clamp and was cannulated for arterial inflow (Fig. 1). Venous drainage generally
was provided by a two-stage cannula through the right atrium. In some cases, needing access to the right atrium to
repair a patent foramen ovale, bicaval cannulation was utilised. The left ventricle was vented through the right superior
pulmonary vein in the majority of cases. Systemic temperature was lowered to a core temperature of 28e30 C (mild
systemic hypothermia) which was measured using a urinary bladder catheter. Following cross-clamping of theFig. 1. Right axillary artery cannulation.
Fig. 2. Arch replacement using a tetrafurcate graft, left upper corner shows right axillary cannula.
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to achieve cardiac arrest. The cardiac component (i.e. aortic valve replacement ± aortic root replacement and other
procedures) was carried out at this stage. Next, the innominate and left carotid arteries were clamped providing se-
lective antegrade cerebral perfusion with a flow rate of 1.5e1.8 L/min titrated to maintain a right radial pressure of
70e90 mmHg. During this period of systemic circulatory arrest, the aneurysmal distal aortic segment was excised and
the distal arch or hemi-arch anastomosis was performed utilizing open clamp technique. Following the distal anas-
tomosis, de-airing of distal aorta was carried out and the cross clamp was reapplied on the neo-ascending aorta re-
establishing systemic circulation (arch vessels unclamped). The proximal anastomosis was then constructed if a
separate graft was utilised for arch replacement (Fig. 2). Throughout the procedure, cerebral oxygen saturation status
was monitored using the Foresight® device (CAS Medical Systems Inc., Branford, Connecticut, U.S.A.).
3.2. Statistical analysis
The data was analysed using the Statistical Package for Social Sciences software version 17.0 (SPSS Inc., Chicago,
IL, USA). Continuous variables are presented as mean ± standard deviation or median. Categorical variables are
presented as percentages. Chi-square and independent t test were used to compare the two groups.
4. Results
A total of 73 patients were identified for inclusion in the study. All patients had antegrade cerebral perfusion (ACP)
along with a period of lower body circulatory arrest at mild systemic hypothermia. 22 patients including 9 (40.9%)men
underwent full arch replacement and 51 had hemiarch replacement including 34 (66.7%) men (P¼ 0.7). Preoperative
characteristics are presented in Table 1 and the extent and combination of various operations are presented in Table 2.
Themean logistic EuroSCORE Iwas 14.9± 7.5 and 19.9± 16.2 for the arch and the hemiarch groups respectively (P¼
0.1). The mean cardiopulmonary bypass (CPB) and cross clamp times in the arch group were 191.7 ± 50.1 min and
106.9± 35.4min respectivelywhereas the corresponding times in the hemi-arch groupwere 177.3± 63.1min and 110.5
± 40.8 min (P ¼ 0.3). The mean ACP time was 43 min in the arch and 24 min in the hemi-arch group (P ¼ 0.001).
Table 1
Preoperative patient characteristics.
Preoperative characteristic Arch (n ¼ 22) Group A Hemi-arch (n ¼ 51) group B P value (statistical test)
Gender Male 9 (40.9%) 34 (66.7%) 0.7 (chi-square test)
Female 13 (59.1%) 17 (33.3%)
Mean age 69 ± 13.4 69.3 ± 10.4 0.9 (independent t test)
Redo sternotomy 1 (4.5%) 11 (21.6%) 0.1 (chi-square test)
Mean EuroSCORE I 8.9 ± 1.7 9.2 ± 3.32 0.6 (independent t test)
Mean logistic EuroSCORE I 14.9 ± 7.5 19.9 ± 16.2 0.1 (independent t test)
Table 2
Distribution of various combinations of operations.
Arch cases (n ¼ 22) No. of patients
Arch replacement 3 (13.6%)
Ascending aorta þ Arch 3 (13.6%)
Aortic valve þ Ascending aorta þ Arch 4 (18%)
CABG þ Ascending þ Arch 2 (9%)
Arch þ Descending aorta 1 (4.5%)
Aortic root þ Ascending aorta þ Arch 2 (9%)
Ascending aorta þ arch þ elephant trunk 2 (9%)
Aortic valve þ Ascending aorta þ Arch þ elephant trunk 2 (9%)
CABG þ Ascending aorta þ Arch þ Descending aorta 1 (4.5%)
Aortic valve þ Tricuspid valve þ Aortic root þ Ascending aorta þ Arch 1 (4.5%)
Aortic root þ Ascending aorta þ Arch þ elephant trunk 1 (4.5%)
Hemi-arch cases (n ¼ 51) No. of patients
Ascending Aorta þ hemi-arch 13 (25.4%)
Aortic valve þ Ascending aorta þ hemi-arch 9 (17.6%)
Aortic root þ Ascending aorta þ hemi-arch 20 (39.2%)
Aortic & mitral valve þ Ascending aorta þ hemi-arch 1 (1.9%)
CABG þ Ascending aorta þ hemi-arch 2 (3.9%)
CABG þ Aortic valve þ Ascending aorta þ hemi-arch 3 (5.8%)
CABG þ Aortic root þ Ascending aorta þ hemi-arch 2 (3.9%)
CABG þ Aortic & tricuspid valve þ Ascending aorta þ hemiarch 1 (1.9%)
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The arch group had no neurological complications while in the hemi-arch group 2 patients (3.9%) had cerebro-
vascular events but there were no paraplegias. Temporary haemofiltration was required in 1 patient (4.5%) in archTable 3
Intra-operative details and postoperative outcomes.
Arch (n ¼ 22) Hemiarch (n ¼ 51) P value (statistical test)
Intraoperative details
Mean CPB time 191.7 ± 50.1 177.3 ± 63.1 0.3 (independent t test)
Mean Cross clamp time 106.9 ± 35.4 110.5 ± 40.8 0.7 (independent t test)
Mean ACP times 43 min. 24 min (14e47 min) 0.001 (independent t test)
Postoperative complications
Reoperation for bleeding 3 (13.6%) 1 (2%) 0.2 (chi-square test)
Reoperation for other reasons 1 (4.5%) 2 (3.9%)
CVA 0 2 (3.9%) 0.2 (chi-square test)
Paraplegia 0 0
Haemofiltration 1 (4.5%) 2 (3.9%) 0.3 (chi-square test)
S. creat >200, no dialysis 2 (9.1%) 3 (6%) 0.7 (chi-square test)
GI complications 2 (9.1%) a 2 (3.9%) b 0.9 (chi-square test)
Pulmonary complications 8 (36%) 5 (9.9%) 0.01 (chi-square test)
Postoperative results
ICU stay (median) 2 d (1e32 d) 1d (1e76 d) 0.9 (independent t test)
Postoperative stay (median) 15 d (6e126 d) 14d (7e161d) 0.7 (independent t test)
Mean blood loss (first 12 h) 667 ml (340e1800 ml) 536 ml (80e2540 ml) 0.1 (independent t test)
Outcome
Hospital survivors 20 (90.9%) 49 (96.1%) 0.2 (chi-square test)
Hospital deaths 2 (9.1%) 2 (3.9%)
CPB e cardiopulmonary bypass.
ACP e antegrade cerebral perfusion.
CVA e cerebrovascular accident.
GI e gastrointestinal.
a Includes ischemic bowel e 1, upper GI bleed e 1.
b Includes gallstone pancreatitis e 1, ischemic bowel e 1.
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arch group had renal dysfunction (defined as S. Creatinine >200 mmol/L) not needing dialysis. Mean ICU stay was 2
days in the arch group and 1 day in the hemi-arch group. Overall there were 4 in-hospital deaths including 2 (9.1%) in
the arch group and 2 (3.9%) in the hemi-arch group. Intraoperative details and other postoperative outcomes are
presented in Table 3.
5. Discussion
The management of aortic arch surgery changed radically with the introduction, by Griepp et al., in 1975 [3], of
profound systemic hypothermia (average systemic temperature of 18 C) and deep circulatory arrest (DHCA) with
the goal of protecting the brain. Cerebral protection was understood to be due to the reduction in metabolic de-
mands at such temperatures. Although there were definite benefits, there were also the associated adverse effects of
endothelial dysfunction, coagulopathy and renal dysfunction apart from the extra CPB times involved in cooling
and rewarming [4e7]. The next step was the development of retrograde cerebral perfusion (RCP) in conjunction
with DHCA [8] which although effective at reducing embolic load has not been shown to improve cerebral blood
flow [9,10]. Bachet [11] in Europe and Kazui [12] in Japan then introduced the technique of SACP which has since
come to be the mainstay of aortic arch surgery. Additional catheters in either the carotid arteries or the innominate
artery allowed perfusion of the brain and also the spinal cord (through collateral circulation) while lower body
circulation was arrested. Using this modification, the safe duration of circulatory arrest could be longer than
previously possible. The combination of DHCA and SACP has been shown to have a mortality benefit over DHCA
alone in a meta-analysis by Tian et al. although in their study the neurological outcomes between the two techniques
was not different [13]. Misfield et al. [14] have also compared various cerebral protection strategies including
unilateral and bilateral ACP, RCP and DHCA in a cohort of 636 patients undergoing arch replacement. While
survival was not different between the groups, stroke rate was significantly different between patients having ACP
and those that did not (9% vs. 15%, p ¼ 0.035).
The impetus to reduce the adverse effects of profound hypothermia led to further development and involved at-
tempts at raising the systemic temperature aided by the assurance of continuing cerebral perfusion during the cir-
culatory arrest phase. Leshnower et al. [15] utilised moderate hypothermia (25.6e27.2 C) and unilateral selective
ACP in 500 patients with hemiarch repair and 124 patients with total arch replacement with overall mortality of 6.6%
and 9.7% respectively. Permanent neurologic deficits occurred in 3 total arch cases. Multivariate analysis showed
temperature not to be an independent risk factor for mortality, neurological deficits or renal failure. Urbanski et al. [16]
reported on their experience with 347 patients undergoing non-emergent arch surgery with cerebral perfusion at 28 C
and a variable systemic temperature adapted to the expected duration of circulatory arrest. There were 3 permanent
neurological deficits and 8 temporary dysfunctions but no paraplegias or hepatic failures. 5 patients needed temporary
dialysis, 4 of whom had preoperative renal dysfunction. 1 patient suffered mesenteric ischaemia. In an accompanying
editorial comment, the late Mr. Robert Bonser [17] appreciated the outcomes but cautioned against the acceptance of
this technique over DHCA until more results could be available to prove that this was not a centre-specific
‘achievement’.
Variations have also been introduced to modify cannulation techniques to adapt to the need for unilateral versus
bilateral perfusion according to surgeon's preference or clinical need. Unilateral perfusion through right axillary artery
cannulation depends on collateral cerebral circulation via an intact Circle of Willis and adequate supra-aortic
branches. But bilateral perfusion is readily established by cannulation of the left common carotid artery (with a
catheter having a balloon for occlusion) and occlusion of the left subclavian artery to prevent steal phenomenon and
provides additional safety. Zierer et al. [18] published their results on 1002 patients undergoing arch replacement with
SACP with mild systemic hypothermia (30 C ± 2 C). 684 patients (68%) had hemiarch replacement and 318 (32%)
had total arch replacement. Permanent neurologic deficit occurred in 28 (3%) patients including 25 strokes and 3
paraplegias whereas temporary deficit was seen in 42 (4%) patients. A trend was seen towards reduced permanent
deficits with unilateral cerebral perfusion whereas there was no difference for transient deficits. They have suggested
that by avoiding manipulation of arch vessels, unilateral cerebral perfusion may be advantageous in terms of
neurological outcomes while affording the same level of cerebral protection as bilateral perfusion. Spielvogel et al.
[19] made the recommendation for bilateral perfusion when perfusion periods are expected to exceed 40 min. They
suggested that unilateral perfusion may otherwise be adequate even at higher temperatures (24e28 C).
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(28e30 C) since 2003 on a consistent basis for all elective patients undergoing surgery of the arch of aorta. The
outcomes, including operative mortality and neurological and visceral complications, are comparable to other large
series [15,16,18] and suggest that this is an acceptable technique. While there is still no consensus regarding the
optimum management strategy for cerebral and visceral perfusion in these high-risk patients, our study contributes to
the available evidence in favour of SACP with lower body arrest at mild systemic hypothermia.
5.1. Limitations
This is a retrospective study and includes a relatively modest number of patients. Lactate levels on CPB were not
available for all patients and therefore could not be used for meaningful analysis. However, the incidence of post-
operative organ failure particularly renal failure and bowel complications can be seen as a surrogate marker for
intraoperative visceral ischaemia. The incidence of these complications in our series is quite acceptable and suggests
to the safety of this technique.
6. Conclusions
In conclusion, the present retrospective study investigated results with the technique of SACP and mild systemic
hypothermia for aortic arch or hemiarch surgery and showed outcomes comparable to other previous larger studies and
adds to the available supporting data in favour of this approach.
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